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ABSTRACT
Seventeen chemicals were tested in vitro against Diplodia gossypina 
Cke., Phytophthora parasitica Past., Pythium debaryanum Hesse, and 
Rhizoctonia solani Kuhn. The chemicals were Actidione, Antimycin A, 
Bacitracin, Benomyl, Chloromycetin, D-Cycloserine, Demosan, Naladixic 
acid, Neomycin sulfate, Pimaricin, potassium sorbate, Streptomycin sul­
fate, Terrazole, Tetracycline, Tyrothricin, Vancomycin hydrochloride, and 
Vitavax. All of these except Antimycin A, D-Cycloserine, and Vancomycin 
hydrochloride were inhibitory to one or more of the test fungi.
Spores of D. gossypina were used to bioassay uptake of Benomyl in 
cotton seedlings (Gossypium hirsutum L.). Benomyl was detected in plant 
sap 3.0 hr after treatment at a height of 14.5 cm on the stem.
Benomyl, Demosan, Pimaricin, potassium sorbate, Terrazole, and 
Vitavax were studied in nutrient culture solution for phytotoxicity and 
systemic activity in cotton. Benomyl caused a reduction in primary root 
elongation in concentrations of 50, 100, and 200 ppm. The other fungi­
cides were evaluated in concentrations of 40, 80, and 120 ppm. Signi­
ficant reductions in root elongation occurred with all of this group of 
fungicides at these levels. Pimaricin and Vitavax at 40, 80, and 120 
ppm and Terrazole at 120 ppm resulted in extreme phytotoxicity.
Leaf disc bioassays indicated that Benomyl was systemically active 




Methods used for the determination of systemic activity and phyto­
toxic effects of fungicides vary according to the investigator and his 
objectives. Systemic activity may be determined by chemical analysis, 
by chromatography, or by the use of labeled compounds; however, it is 
most commonly assessed by the use of some type of bioassay. Phyto­
toxicity is ordinarily evaluated in plants grown to and beyond the 
cotyledonary stage of development by either visual inspection for leaf 
or stem toxicity symptoms or by visually comparing aerial or root growth 
of treated and untreated plants. The purpose of the present work was 
the development of a method for quantitative evaluation of phytotoxicity 
which would also allow the use of bioassays or other methods of testing 
for systemic activity. A quantitative measurement of phytotoxicity in 
the laboratory or greenhouse would be useful in eliminating toxic 
materials from further consideration in more elaborate tests. The 
present work Included a study to determine If any relationship exists 
between in vitro bioassays made with chemicals alone and those in which 
tissue or sap from plants treated with the chemicals were used.
Phytopathogenic fungi mainly associated with boll rot diseases of 
cotton, Gossypium hirsutum L., were employed as test organisms to deter­




The progress in plant chemotherapy has been reviewed by a number 
of writers. Among these were Stoddard and Dimond (28) and Dimond and 
Horsfall (10). Objectives in plant chemotherapy were summarized by 
Dimond (9) who noted the more complex requirements of a chemothera- 
peutant as compared to a protective fungicide and the consequent 
greater specificity involved.
An extensive literature has resulted from research on plant 
disease control'and treatment with antibiotics. A group of compounds 
given early attention as possible plant chemotherapeutants, antibiotics 
have been studied following their success in treatment of animal 
diseases. Actldione (cyclohexamide) and streptomycin, both produced 
by Streptomyces griseus Kransby, are two examples of antibiotics which 
have shown promise in plant disease control (22).
Illustrative of research done with antibiotics in regard to plant 
disease was that by Framer (26) who studied the translocation of five 
antibiotics--aureomycin hydrochloride, chloromycetin, neomycin sulfate, 
streptomycin sulfate, and terramycin hydrochloride— which were added 
to give 50 ppm concentrations in culture solutions used to grow 
cucumber plants. Bacillis subtilis Cohn and cereus var. mycoides 
(Flugge) Smith e£ al were employed as test organisms in in vitro bio­
assays with leaf tissue and sap exudate from treated plants. Chloro­
mycetin and streptomycin were translocated within the cucumber plants 
and were identified by paper chromatography as well as by bioassay.
The concentration of streptomycin in the plant increased with time to
a level greater than that In the culture solution, while the Chloro­
mycetin concentration remained constant at a level below that of the 
culture solution. Further work on streptomycin was that of Muller (23) 
who described a dosage-response effect. When he added streptomycin to 
give a 4 ppm concentration in a culture solution in which tomato plants 
were maintained, infection by Phytophthora infestans de Bary was 
restricted. Zoospores developed and germinated but mycelial spread 
was reduced. It was considered that either the streptomycin was 
unevenly distributed in the plant in a manner allowing the fungus to 
avoid a lethal dose or the antibiotic induced a change in the host- 
parasite response. In iri vitro studies mycelia of ]?. infestans 
tolerated 200 ppm streptomycin; however, growth was depressed at 8 ppm 
concentrations.
The antibiotic Pimaricin was isolated by Struyk et al (29) from 
£i. natalensis (nov. sp.). In laboratory studies Pimaricin inhibited 
the growth of 11 phytopathogenic fungi. A high concentration was 
necessary to inhibit growth of Pythium spp. (150-300 ppm as compared 
to 0.9 ppm for Cladosporium cucumerinum Ellis & Arthur). The selective 
effect of Pimaricin led to its subsequent use in media for the isolation 
of Actinomycetes (25), Phytophthora spp. (11), and Pythium spp. (26) 
from soils and root tissues. Nystatin, a polyene antibiotic chemically 
related to Pimaricin, was effective against 64 plant pathogens in in 
vitro tests, but was not effective in controlling natural infection of 
orchid flowers when cut stems of orchid plants were placed in Nystatin 
suspensions (14).
4Sorbic acid, widely used as a food preservative, was reported to 
inhibit the growth of Fusarium oxysporium f. sp. vasinfectum (Atk.)
Syn. & Han., the incitant of Fusarium wilt in cotton (24). The fungus 
was inhibited in seedlings grown from seed soaked in sorbic acid and, 
also, when the material was added to soil in which seedlings were grown. 
It was reported that sorbic acid was translocated both upward and down­
ward in cotton seedlings.
A number of synthetic compounds have been investigated as possible 
systemically effective fungicides. Among those considered as control 
agents for cotton diseases are Benomyl (Benlate or Du Pont 1991),
Demosan (chloroneb), Terrazole, and Vitavax.
Benomyl at a concentration of 0.4 ppm inhibited conidial germina­
tion of Verticillium albo-atrum Reinke & Berth., cause of Verticillium 
wilt in cotton, in laboratory tests (12). The fungus was controlled 
for seven days following treatment of inoculated plants with either 25, 
50, or 100 ppm Benomyl in greenhouse tests. Eighteen days after treat­
ment some wilt symptoms were seen in plants treated with 25 ppm Benomyl; 
however, the plants treated with the 50 and 100 ppm levels remained free 
of wilt. Penicillium expansum Lk. ex. Thom., sensitive to 0.1 ppm 
Benomyl, was used as a bioassay test organism. Al-Beldawi and 
Pinckard (2) showed that Benomyl was systemically effective in
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cotton seedling hypocotyls against Rhizoctonia solani Kuhn. Seedlings 
grown in Benomyl suspensions at 5, 10, 20, 40, and 80 ppm were protected 
for 15 days. A degree of protection was obtained in greenhouse tests 
in which Benomyl was added to soil to give concentrations of 10, 20, 40, 
80, and 160 ppm. Phytotoxicity was not observed at any of the concen­
trations .
The uptake of labeled Demosan in cotton seedlings was assayed by 
autoradiography in the work of Fielding and Rhodes (13) who noted that 
Demosan was taken up by the roots but was retained mainly in the lower 
portions of the plants. The concentration of translocated Demosan was 
greatest in the roots, lower stems and cotyledons, with very little 
moving into the true leaves as plants matured. The pattern of distri­
bution was similar in 1, 2, and 4-week old seedlings. Kirk (19) 
obtained essentially the same results but also found that Demosan 
moved downward as well as upward and was translocated from one coty­
ledon to the other. In addition, Kirk demonstrated that Demosan vapors 
were fungitoxic to R. solani and showed that the fungus was inhibited 
in bioassays of filtrates from both untreated and Demosan-treated 
plants. Demosan was reported to be fungistatic to R. solani at a 
level of 15 ppm (7). R. solani infection was prevented for 20 days 
when Demosan was incorporated to give a concentration of 600 ppm to 
vermiculite in which seedlings were grown and infection was also con­
trolled in soil treated with Demosan at 0.64 g per pot (approximately 
335 ppm according to listed weights). ‘ Phytotoxicity was observed in 
plants grown in pots containing 0.96 g Demosan (approximately 500 ppm 
according to listed weights). R. solani was inhibited in bioassays 
using filtrates from Demosan-treated seedlings.
Evidence for the systemic activity of Terrazole against R. solani 
was presented by Al-Beldawi and Sinclair (3). Protection against 
dampling-off of cotton seedlings was achieved when seedlings were 
grown in soil containing about 333 ppm Terrazole. Phytotoxicity was 
seen on seedlings maintained in suspensions of 50-70 ppm Terrazole and
in soil treated with either approximately 533 ppm or 733 ppm Terrazole. 
Terrazole was fungistatic to R. solani in vitro at 10 ppm.
The systemic activity of Vitavax was studied by several investi­
gators (4, 5, 6, 20). Borum and Sinclair (6) reported that cotton 
seedlings were protected from R. solani when plants were maintained in 
10 ppm suspensions of Vitavax and when grown in soil treated with 250 
ppm Vitavax. Slight stunting of seedlings was seen in plants grown in 
soil containing either 750 or 1000 ppm Vitavax. Vitavax was fungistatic 
to R. solani at 1 ppm in vitro tests.
MATERIALS AND METHODS
Test Organisms
Isolates of Diplodia gossypina Cke, Phytophthora parasitica Dast., 
Pythium debaryanum Hesse, and Rhizoctonia solani Kuhn were used as test 
organisms. Isolations were made by personnel of the Cotton Disease 
Laboratory, Baton Rouge, Louisiana, and were designated as follows:
JD. gossypina 23 A, P. parasitica 2 D,. P. debaryanum 7 C, and R. solani 
2 B. Inoculation tests with D. gossypina 23 A, _F. debaryanum 7 C, and 
R. solani 2 B confirmed their pathogenicity to cotton. The pathogenicity 
of P. parasitica 2 D was determined by Guidroz (15) in a concurrent 
study.
D. gossypina, P. debaryanum, and R. solani were cultured on 
Difco PDA (potato dextrose agar). £. parasitica was grown on freshly 
prepared oatmeal agar. The pH values of PDA and oatmeal agar after 
autoclaving ranged from 5.3 to 5.8 and from 6.8 to 7.0, respectively. 
Sources of fungal material for bioassays were 3 to 5-day old colonies 
of the fungi grown in 100 x 15 mm Petri dishes containing approximately 
15 ml of medium. Mycelial suspensions used in bioassays were prepared 
by grinding a source colony in 100 ml sterile, distilled water in a 
sterilized Waring blendor. Approximately 5 ml of the mycelial suspen­
sion were added and mixed in 100 ml of cooled culture medium prior to 
pouring. Mycelial plugs were used for most bioassays made on agar 
media. The plugs were cut with either a No. 2 (6.0 mm) or No. 3 
(7.0 mm) cork borer. D. gossypina spores were harvested from
laboratory-infected cotton bolls by washing the bolls with a small 
volume of sterile, distilled water. Three drops of Surfactant X 
(DuPont) were added to the suspension which was hand-shaken for about 
1 min to distribute the spores and then diluted to 20-30 spores per low 
power (100X) microscope field.
Test Materials
The chemicals listed in Table 1 were included in the study. 
Potassium sorbate, used instead of sorbic acid, was prepared to equal 
the fungitoxic activity of sorbic acid of which it is reported to have 
74% as much effectiveness (30). Measured volumes of the nutrient cul­
ture solution were added directly to compounds tested in culture solution 
with cotton seedlings. Stock solutions or suspensions of the chemicals 
were prepared in sterile, distilled water for use in bioassays.
Laboratory Evaluation of Candidate Fungicides
Paper Disc Bioassays
Paper disc assays for fungitoxic activity against D. gossypina,
P. parasitica, P. debaryanum, and R. solani were conducted iji vitro 
with the 17 test materials in concentrations of 0, 5, 25, and 100 ppm. 
Sterile, 0.5 inch filter paper discs (Carl Schleicher and Schuell 
Company, No. 740-E) were aseptically saturated in the preparations of 
the test materials. Three discs containing the same concentrations of 
materials were placed on solidified agar in a Petri dish a few milli­
meters from the edge. A 7.0 mm mycelial plug of the test fungus was 
centered in the dish. The dishes were incubated at room temperature
and observed for inhibition of the fungus for 3 to 5 days. A culture 
dish was prepared for each concentration of all test compounds for each 
of the 4 test organisms. The experiment was replicated three times. A 
compound inhibiting a test organism at a concentration of 5 ppm was also 
tested at a 1 ppm level.
A second series of bioassays was conducted using Pimaricin 
against D. gossypina and R. solani. Mycelial suspensions of the fungi 
were Incorporated into the culture medium prior to pouring. Pimaricin 
was used in concentrations of 50, 100, 150, and 200 ppm. Three dishes, 
containing three paper discs each, were made of each concentration for 
each test organism. Inhibition zones were measured after 5 days incu­
bation at room temperature.
Bioassay of Test Materials Incorporated in Culture Media
The candidate fungicides tested in other bioassays, with the 
exception of Antimycin A, were incorporated in culture media for bio­
assaying against the four test organisms. In an initial series the 
chemicals were used in concentrations of 0, 5, 25, and 100 ppm. A 
second series at levels of 0.0, 0.25, 0.5, 1.0, 2.0, 4.0, and 5.0 ppm 
was done for those instances in which a test organism was completely 
Inhibited at the 5 ppm level. The required volumes of stock prepara­
tions for all concentrations employed were aseptically transferred in 
sterile pipets to measured volumes of media in small medicine bottles. 
The media was shaken well and immediately poured into Petri dishes. A 
7.0 mm mycelial plug of the test organism was centered in each dish.
Three Petri dishes were prepared for each concentration and each 
fungus tested in the initial series. Four dishes of each concentration
and each fxmgi were made for the series done at lower concentrations. 
Both series were replicated two times. All culture dishes were incu­
bated at room temperature. Measurements of the radial growth from 
mycelial plugs were made to the nearest millimeter when the 0 ppm 
treatments had grown to the edges of the culture dishes.
Data collected from measurements of inhibition zones and radial 
mycelial growth in bioassays were statistically analyzed. All glass­
ware, with the exception of Petri dishes, used in these bioassays was 
soaked or rinsed in a potassium chromate-sulfuric acid solution and 
thoroughly washed before use.
Bioassay of Movement of a Fungicide in Cotton Seedlings
A seedling sap technique was employed to study the systemic activ­
ity of Benomyl in plants grown in culture solution plus various con­
centrations of the fungicide. Sap was collected from seedlings in the 
cotyledon stage by cutting the hypocotyl below the cotyledons. Sap 
began to exude in small drops at the apex of the cut hypocotyl after 
2 to 4 min. Exuded sap was collected in small glass capillaries and 
transferred to the surface of a round, microscope slide cover glass.
Sap was obtained from seedlings bearing true leaves, which did not 
exude sap when the stem was severed above the cotyledons, by gently 
pressing the end of the excised stem between two microscope slides and 
allowing the sap to fall onto a cover glass. A drop of suspension of 
D. gossypina spores approximating the size of the plant sap drop was 
placed on the cover glass, and the two drops were mixed with a glass 
tube. The cover glass was inverted on one end of a double, hanging drop 
microscope slide and sealed with petrolatum. The remaining reservoir
11
on the microscope slide was used for a control, prepared by mixing a 
drop of spore suspension and a drop of a distilled water suspension 
of Benomyl in a concentration corresponding to that used to treat the 
seedlings. The slides were incubated at 30 C. Preliminary studies 
indicated that positive microscopic observation for the presence of 
Benomyl, as indicated by the fungicide's effect on hyphal development 
of germinated spores, was possible after 6 hr; however, final observa­
tions were made after 24 hr or overnight incubation. Microscope slides 
were soaked overnight in a potassium chromate-sulfuric acid solution and 
thoroughly washed before use.
In an initial study, cotton seedlings were grown in the culture 
boxes used for other work. Eighteen seedlings, one per tube, were 
placed in culture solution plus Benomyl in concentrations of 0, 5, 50, 
and 100 ppm, three seedlings being treated with each concentration. 
Exudate was collected and two double, hanging drop slides were pre­
pared for each Benomyl concentration after 24, 48, and 72 hr.
In other work designed toward a study of the movement of Benomyl ' 
in cotton seedlings, 4- to 5-day old seedlings were transferred from 
germination pots to a 3-gallon container, shown in Figure 1. The plant 
holders illustrated, made of plywood and polyvinyl, were adapted from a 
method described by Hunter (16). When the seedlings were 3 weeks old, 
Benomyl was added to the culture solution to give a concentration of 
50 ppm. Following the addition of Benomyl, plant sap was collected at 
30 min intervals for 4 hr, and then at 60 min intervals for 3 hr. 
Starting at one end of the plant holder, the stems of the first plant 
in each holder were severed 2 cm above the holder surface. At the 
subsequent 30 min intervals, the succeeding seedling pairs were each
12
cut 2.5 cm higher up the stem than the preceding pair. This procedure 
was followed for the first 4 hr; thereafter, at the 60 min intervals, 
the steins were severed immediately below the topmost leaves. A double, 
hanging drop slide with a Benomyl control in one reservoir was pre­
pared for each plant. Microscopic observations were made after 6 hr 
and overnight incubation.
Phytotoxicity and Systemic Activity Studies with 
Cotton Seedlings Grown in Culture Solution
Solution Culture Procedures
Acid-delinted, untreated cottonseed (Gossypium hirsutum L.),
Delta Pine Land Company varieties, DPL Smoothleaf, used in preliminary 
work, and DPL 16, used in most tests, were surface sterilized in a 5% 
Clorox solution for 10 min and planted in greenhouse pots in vermicu- 
lite moistened with distilled water. Culture solution diluted to half 
strength was added to the vermiculite when plants began emerging.
Healthy seedlings were selected and transferred to culture containers 
2 to 5 days after emergence.
A Knop solution modified by Leonard and Pinckard (21) was employed 
as the source of plant nutrients. Stock solutions were prepared from 
the following nutrients to yield the listed concentrations per liter 
of nutrient solution when diluted with distilled water for use: KCL,
0.30 g; MgS04*7H20, 0.45 g; Ca (N03)2*4 H20, 0.50 g; KH2P04 , 0.30 g; 
Fe3 (P04)2, 0.03 g; MnCl2, 1.0 ppm; ZnCl2, 0.5 ppm; H^Og, 0.5 ppm; and 
CuCl2, 0.1 ppm. During preliminary culture work a stock solution of 
chelated iron containing ferrous sulfate and EDTA (/ethylenedinitrilc? 
tetraacetic acid disodium salt), prepared according to a method
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described by Jacobson (17), was substituted for ferrous phosphate.
This solution was added to the culture solution in a quantity which 
resulted in an iron concentration of 4.9 ppm. Subsequent trials with 
the material Sequestrene, a commercial iron supplement, gave satis­
factory results; consequently, this material was used in later work in 
a concentration affording 5.0 ppm iron to the nutrient solution.
The Initial pH value of the culture solution was adjusted to 5.5. 
After 4 to 5 days of use, the solution pH usually shifted to about 6.0. 
When cotton seedlings were grown for extended periods in culture solu­
tion, the solution was changed at 4- to 6-day intervals.
An interior view of culture boxes used in these studies is shown 
in Figure 2. The boxes,described in part elsewhere (8), were con­
structed of 1/4 and 1/2 inch thick plywood and had two swinging access 
doors trimmed to be as light proof as possible when closed. Each box, 
which was 4 ft x 2 ft x 1 ft, held 18 culture tubes made from 36 mm 
glass tubing. In some tests it was necessary to use slightly larger 
or smaller tubing; however, tubes of the same size were used in indi­
vidual boxes. Styrofoam blocks, shown in Figure 3, were fashioned to 
cover the tube tops and serve as plant supports. The seedlings were 
held in position by a polyvinyl plug. Aeration was provided through 
capillary tubes placed in the culture tube covers. Taper strips were 
taped around the bottom edges of the tube covers to reduce the amount of 
light passing between the covers and the box tops.
Data used in the statistical analysis of primary root elongation 
were collected by measuring elongation on the outside of culture tubes
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at 24 hr intervals, beginning 24 hr after the seedlings were trans­
ferred. Factorial analyses were made to determine interaction of 
replicates, replication in time, fungicide levels, and days of growth 
in experiments in which root elongation was measured. Culture solution 
experiments were"conducted during two consecutive summers between the 
months of June to October in an air-conditioned greenhouse where the 
temperature was about 75 F.
Preliminary Tests
In a test to determine root elongation in culture solution only, 
six culture tubes were prepared with one seedling per tube. The 
seedlings were maintained in the tubes for 10 days with the culture 
solutions changed after 4 and 8 days.
Four- to five-day old cotton seedlings were grown in 20 x 150 mm 
test tubes, one seedling per tube, to obtain a preliminary evaluation 
of the phytotoxicity and systemic activity of the 17 compounds tested 
in these studies. The compounds were added to culture solution to give 
concentrations of 50 and 100 ppm. Two tubes were prepared for each con­
centration of all compounds. Root and shoot injury were assessed by 
visual inspection after 48 hr. Leaf discs were taken from treated and 
control plants after 48 hr and plated against R. solani to test for 
systemic activity.
Leaf Disc and Stem Segment Bioassays
For evaluation of systemic activity, leaf discs were cut from test 
plants with a No. 6 (11 mm) cork borer. The leaf discs were surface 
sterilized for 10 min in a 5% Clorox solution. After three sterile,
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distilled water rinses, a leaf disc was centered on solidified agar in 
a Petri dish. Two mycelial plugs of the test fungus were positioned 
on opposite sides of the leaf discs a few millimeters from the edge 
of the dish. Dishes were incubated at room temperature and observed 
for 3 to 5 days for inhibition of the test organism.
Stem segments, approximately 1 cm long, were collected for bioassay 
by cutting pieces from the seedling hypocotyls. The same method as that 
used to surface sterilize leaf discs was employed. After rinsing, a 
short piece of both ends of the segments was removed with a sterile 
knife. The remaining stem segments were then assayed in the same manner 
as were leaf discs.
Benomyl Tests
The systemic fungicide Benomyl was selected as a test compound 
to evaluate the solution culture technique. Benomyl was added to cul­
ture solution to give concentrations of 0, 5, 25, 50, 100, and 200 ppm. 
One 2- to 3-day old cotton seedling was placed in each culture tube.
In these experiments one culture box was used with treatments randomly 
assigned to three blocks of culture"tubes selected on the basis of 
location within the box. Root elongation data from cotton seedlings 
were collected at 24-hr intervals for 5 days. The test was replicated 
three times. Leaf disc bioassays and paper disc bioassays of the cul­
ture solution were made during each 5-day test period at 12 and 24 hr 
after the start of the test and afterwards at 24-hr intervals, using 
the test organism, D. gossypina.
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Testa with a Selected Group of Fungicides
The fungicides Deraosan, Pimaricin, potassium sorbate, Terrazole, 
and Vitavax were selected for testing with the culture solution tech­
nique employed with Benomyl. Three culture boxes were used. The test 
materials were added to the culture solution to give concentrations of 
40, 80, and 120 ppm. The resulting 15 treatments and a 0 ppm control 
were randomized within each box. The first and last culture tube in 
each box were filled with culture solution but were not included in 
the tests. The experiment was replicated three times. Primary root 
elongation measurements were taken four times at 24-hr intervals, 
beginning 24 hr after the start of the experiment. Leaf disc bio­
assays were made at the same intervals. Paper disc bioassays of the 
culture solution were made only on the final test day of the first 
replication of the experiment. R. solani was used as a test organism 
in the bioassays.
In a second series of tests, the systemic activity of Benomyl, 
Demosan, Pimaricin, potassium sorbate, Terrazole, and Vitavax were 
assayed against the test organism ID. gossypina, P. parasitica, and 
P. debaryanum. The six test compounds were added to culture solution 
to give 40, 80, and 120 ppm concentrations. The resulting 18 treat­
ments and a 0 ppm control were randomly assigned to two culture boxes. 
Three cotton seedlings were placed into each culture tube. Seedlings 
of the different treatments were prevented from contacting one another 
by 5 x 7 inch cardboard placed upright between the treatments. Leaf 
disc assays were made four times with the three organisms at 24-hr 
intervals, beginning 24 hr after the start of the experiment. At the
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conclusion of the leaf disc assays, stem segment bioassays were made 
of each treatment and the control.
Demosan Test
In an experiment designed to determine the effect of various 
concentrations of Demosan on cotton seedlings maintained for 10 days 
in culture solution, Demosan was added to culture solution to make 
concentrations of 0, 40, 80, and 120 ppm. Nine culture tubes, with 
one seedling per tube, of each of the four treatments were randomized 
within two culture boxes. After 5 days the culture solutions plus 
fungicide treatments were renewed. At the conclusion of the 10-day test 
period, during which daily root elongation measurements were made, a 
leaf disc was taken from each seedling for bioassaying against R. 
solani and the seedlings were severed at the junction of the root and 
shoot. The length of the shoot portions was measured from the cut to 
the axil of the topmost leaf. The seedling roots were laid on a flat 
surface to obtain the length from the cut to the primary root apex.
This value was recorded as total root length. The plant materials 
were oven dried and weights recorded to the nearest milligram.
Culture Solution Test for an Extended Growth Period
An experiment was conducted to determine the effects of Demosan, 
potassium sorbate, and Terrazole when cotton seedlings were maintained 
in culture solution plus the fungicides for a longer period of time 
than that used in other tests. The fungicides were used in concentra­
tions of 0, 40, 80, and 120 ppm. Three culture tubes, each containing 
one seedling, were prepared for each treatment and randomized within 
two culture boxes. Root elongation was measured at 24 hr intervals.
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Culture solutions plus fungicide treatments were renewed at 6-day 
intervals. After 18 days shoot and root length and dry weights were 
determined in the manner previously described.
Inoculation Studies
A series of greenhouse inoculation tests were conducted using 
methods described by Darrag and Sinclair (7) and Al-Beldawi and 
Sinclair (3). Briefly, the method used was the incorporation of either 
Demosan or Terrazole into water-saturated soil which was placed into 
pots covered with polyethylene sheets. Four- or five-day old cotton 
seedlings were transferred into the pots through holes punched in the 
covers. Mycelial plugs of R. solani were then placed on the pot 
covers, which were about 1 inch above the soil level, and covered 
with soil. The inoculum and covering soil were moistened daily. Ten 
days after the beginning of the tests equal quantities of water were 
added daily to each pot. Daily observations for seedling infection 
and phytotoxicity were made for 25 days following inoculation. Demosan 
and Terrazole were used in concentrations of 20, 40, 80, 160, and 320 
ppm. Two replicates were made of each treatment and the untreated 
controls.
Concurrently with these tests, a bioassay was made using filtrates 
from cotton seedlings grown in soil in which either Demosan or Terrazole 
in concentrations of 20, 40, 80, 160, and 320 ppm was incorporated. 
Aqueous filtrates of each treatment of Demosan and Terrazole were pre­
pared and assayed against P. debaryanum and R. solani, using a method 
similar to that described by Kirk (19). Seedlings were severed approxi­
mately 1 inch above the soil level 2 weeks after treatment. Twenty
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grams of plant material from each treatment were ground in 5 ml of 
water and filtered through a double layer of sterile cheesecloth. 
Approximately 5 ml of the filtrate were mixed into 45 ml of cooled 
PDA which was then poured into Petri dishes. A 7.0 mm plug of the 
test organisms was centered in each dish. Three replicates were pre­
pared for each treatment and the controls. The dishes were incubated 
at room temperature and observed daily for growth of the test fungi.
Histological Studies
With the objective of determining whether treatment of cotton 
seedlings with Demosan resulted in a change in root morphology, histo­
logical sections were prepared from the roots of seedlings grown for 
4 days in culture solution plus Demosan in concentrations of 0, 40,
80, and 120 ppm. Tissue for study was taken from three regions of the 
primary root: the meristematic region proximal to the root tip, the
zone of elongation, and the zone of maturation. An attempt was made 
to remove tissues from the same locations for all treatments. The 
root tissues were embedded in paraffin and stained by a safranin and 
fast green stain schedule according to Jensen (18). Both transverse 
and longitudinal sections were made for all Demosan treatments and root 
regions.
RESULTS
Laboratory Evaluation of Candidate Fungicides
Paper Disc Bioassay
The activity of 17 materials tested in bioassays against four test 
organisms is given in Table 2. Actidione inhibited D. gossypina at a 
100 ppm level and P. parasitica at all levels used. Benomyl was effec­
tive against D. gossypina at all levels, including 1 ppm in a separate 
test, and against R. solani in concentrations of 25 and 100 ppm.
Demosan inhibited D. gossypina at a 100 ppm concentration. D. gossypina 
and R. solani were inhibited by Pimaricin at 100 ppm, in the initial 
test series, and at concentrations of 50, 100, 150, and 200 ppm in a 
second series (Table 3). R. solani was inhibited by Vitavax at all 
levels used.
Bioassays of Test Materials Incorporated in Test Media
Results of an initial series with 16 materials in concentrations 
of 5, 25, and 100 ppm tested against the four test organisms are pre­
sented in Table 4. All of the materials, except Cycloserine and 
Vancomycin, showed some degree of activity against one or more of the 
test organisms. Actidione, Benomyl, Chloromycetin, Demosan, Naladixic 
Acid, potassium sorbate, Terrazole, and Vitavax had an inhibitory effect 
on all four organisms at a 100 ppm concentration. Complete inhibition 
of growth was recorded for the organisms, test materials and concentra­
tions as follows: D. gossypina-Actidione, 100 ppm, and Benomyl, 5 ppm;
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_P. parasitica-Actidione, 25 ppm, Demosan, 100 ppm; and Terrazole, 5 ppm;
P, debaryanum-Actidione, 5 ppm, Terrazole, 5 ppm, Tetracycline, 100 ppm, 
and Vitavax, 100 ppm; R. solani-Actidione, 100 ppm, Benomyl, 25 ppm, 
Demosan, 5 ppm, Pimaricin, 100 ppra, and Terrazole, 100 ppm.
In the second series of tests at reduced fungicide concentrations, 
significant growth reduction, compared to the 0.0 ppm level, was obtained 
with Actidione against P. debaryanum at 0.25 ppm, Demosan against R. 
solani at 0.25 ppm, Terrazole against P. debaryanum at 0.25 ppm,
Terrazole against R. solani at 0.5 ppm, and Tetracycline against 
P. debaryanum at'1.0 ppm (Table 5). No mycelial growth occurred when 
P. debaryanum was exposed to Actidione and Terrazole at concentrations 
of 4.0 and 2.0 ppm, respectively.
Bioassay of Movement of a Fungicide in Cotton Seedlings
In the initial work with cotton seedlings an obvious difference in 
morphology of germinating hyphae of D. gossypina spores was observed In 
spores exposed to exuded sap from plants treated with Benomyl, as com­
pared to spores germinating in sap from untreated plants. The fungi- 
toxic effect of Benomyl was apparently produced after spore germination 
when the germ tubes became short, much-branched, and thickened in diam­
eter. This effect was contrasted with apparently normal spore germination 
in sap from untreated plants. In this instance the germ tube grew rapidly 
to reach a relatively long length before branching occurred. Spores 
germinated in sap from treated plants and sap from untreated plants are 
shown in Figures 4 and 5. Exuded sap from Benomyl-treated seedlings 
produced an effect on germinating spores apparently identical to that
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seen with distilled water suspensions of Benomyl, No apparent differ­
ence was seen in the effect produced by the various levels of the 
fungicide or by sap taken at the three time intervals. Since the 
Benomyl concentrations in both distilled water controls and seedling 
sap was diluted by being mixed with the spore suspension to approxi­
mately half of the original concentration, Benomyl in seedling sap had 
an effect on germinating hyphae at a concentration of about 2.5 ppm.
A summary of work with 3-week old seedlings is given in Table 6.
The first indication of the presence of Benomyl was seen in a slide 
prepared 3 hr after the addition of the fungicide. The sap used in 
preparing the slide was collected at a height of 14.5 cm on the stem. 
Abnormal hyphal growth was seen in all slides prepared 6 hr after treat­
ment of seedlings with Benomyl.
Phytotoxicity and Systemic Activity Studies with 
Cotton Seedlings Grown in Culture Solution
Preliminary Test
The results of preliminary screening of the test compounds against 
cotton seedlings are given in Table 7. Phytotoxicity was manifested by 
reduced shoot and root growth, as compared to controls grown in culture 
solution only. Visual inspection indicated that Streptomycin and 
Tetracycline, in 50 ppm concentrations, and Cycloserine, potassium 
sorbate, and Tetracycline, in 100 ppm concentrations, were toxic to 
seedling roots. Shoot damage was seen in seedlings treated at 50 ppm 
levels with Bacitracin, Neomycin, Pimaricin, and Tyrothricin; and with 
Neomycin and Pimaricin at 100 ppm levels. No evidence of systemic
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activity of any of the test compounds was observed in leaf disc bioassays 
made with R. solani.
Benomyl Tests
The analysis of variance of root elongation data collected from 
Benomyl tests (Table 8) showed significant effects due to fungicide and 
replication in time, and highly significant effects due to days of 
growth after treatment and the interaction of replication and days of 
growth. There was no effect caused by the interactions of fungicide, 
days of growth, and replication in time. A comparison of the mean daily 
root elongation of cotton seedlings grown at various Benomyl levels 
(Table 9) showed that the means tended to fall into two groups with 
overlapping between them, indicating that primary root growth was 
reduced somewhat by the higher levels of Benomyl. A comparison of 
primary root elongation in a 0 ppm control tube and in a tube which 
contained 200 ppm Benomyl is illustrated in Figure 7.
The test organism, D. gossypina, was inhibited in leaf disc bio­
assays by discs taken 24 hr after the seedlings were exposed to Benomyl, 
Inhibition remained constant during each 5-day test period. In general, 
the degree of inhibition could be divided into a group showing slight 
inhibition, consisting of discs from seedlings treated with Benomyl at 
levels of 5 and 25 ppm, and a second group, which exhibited a stronger 
inhibition and was composed of discs from seedlings treated with Benomyl 
at 50, 100, and 200 ppm levels. Similar results were seen at all test 
intervals in paper disc bioassays of the culture solutions plus fungi­
cide.
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There were no noticeable phytotoxic effects on the aerial portions 
of any of the cotton plants treated with Benomyl.
Tests with a Selected Group of Fungicides
The effects of fungicide, fungicide concentration, and time after 
treatment on mean daily root elongation of cotton seedlings treated with 
Demosan, Pimaricin, potassium sorbate, Terrazole, and Vitavax are com­
pared in Table 10. The effects produced by all fungicides in concentra­
tions of 40, 80, and 120 ppm were significantly different from the 0 ppm 
controls. The effect of each fungicide is given in Tables 11 and 12.
The effects at 40, 80, and 120 ppm concentrations of the fungi­
cides on the seedlings are shown in Figures 8, 9, and 10. Although 
there were individual variations, a general pattern of reduced root 
length was evident for all fungicide treatments as compared with the 
0 ppm control. Growth curves for the fungicide treatments generally 
became more horizontal as concentration increased, reflecting reductions 
in total root length. Responses of seedlings to the individual fungi­
cides were most evident at 80 and 120 ppm concentrations where treatment 
means were more widely dispersed. The mean daily root elongations are 
plotted in Figures 11, 12 and 13. The only general pattern seen in 
these data was at the 120 ppm level where the curves sloped downward, 
except for Demosan. Based on this observation of the response of 
Demosan, a subsequent experiment was done to evaluate the efl.ct of 
Demosan over a longer experimental period.
Visible phytotoxicity was most evident in seedlings treated with 
Pimaricin and Vitavax. There was also noticeable damage to seedlings
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treated with 120 ppm Terrazole. Examples of seedling growth in the 
treatments used are shown in Figures 14, 15 and 16.
It was not possible to record results from leaf discs taken for 
bioassay from each treatment at daily intervals during the three repli­
cations of the experiment because of either contamination or Irek of 
growth by the test organism. In an additional replication of the pre­
vious experiment with Benomyl treatments added and in which no elonga­
tion data was recorded, each treatment was assayed against each of the 
four test organisms. Culture dishes were observed under 100X magnifica­
tion and were free of visible bacterial contamination. In tests with 
R. solani, the fungus was inhibited by all levels of Vitavax. The 
inhibition was relatively weak with average inhibition zones varying 
from 2 to 3 mm in width. Benomyl at all levels inhibited the growth 
of D. gossypina. All other treatments and controls were negative for 
inhibition of the test organisms. The results of bioassays made using 
stem segments from treated seedlings against the four test organisms 
were inconclusive.
Demosan Test
A comparison of the means of total daily root elongation and total 
daily root length in the test in which cotton seedlings were grown for 10 
days In culture solution plus Demosan in concentrations of 0, 40, 80, and 
120 ppm Is made in Table 13. Curves for means of the treatments are 
plotted in Figure 17. The means for Demosan treatments of 40, 80, and 
120 ppm were not appreciably dispersed and were generally similar to 
those determined for Demosan in previous work.
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A highly significant correlation coefficient of 0.995 was found 
for the total primary root elongation, determined by measuring daily 
increments on the outside of culture tubes, and the total primary root 
length, measured after the seedlings were removed from the tubes 
(Table 14). Highly significant correlation coefficients were also found 
in the following instances: root elongation and shoot height, root
elongation and shoot weight, root length and shoot height, root length 
and shoot weight, shoot height and shoot weight, shoot height and root 
weight, and shoot weight and root weight. The correlation coefficients 
for root elongation and root weight, and root length and root weight were 
not significant. The means of root length, shoot height, root dry 
weight, and shoot dry weight are depicted in Figure 18 and compared in 
Table 15. For root length, shoot height, and shoot dry weight the means 
for 40, 80, and 120 ppm Demosan were in each case different from the 
—-0- ppm control but did not differ between one another. In the case of 
the dry root weights the means tended to fall into two groups composed 
of the treated plants and the control, with overlapping between the 
groups.
Culture Solution Test for an Extended Growth Period
The results of tests with cotton seedlings grown for 18 days in 
culture solution plus Demosan, potassium sorbate, and Terrazole showed 
that growth was reduced by all treatments when compared to the control 
-(Figures 19 and 20). Mean dry weights of shoots and roots are listed 
in Table 16. In the experiment, seedlings treated with 120 ppm Terrazole 
died after 12 days. Because of the large differences seen in primary 
root lengths after 6 days and because of the difficulty encountered in
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placing severely affected roots back in their original positions after 
the first renewal of culture solution, root elongation measurements were 
discontinued.
Inoculation Studies
Cotton seedlings grown in soil containing either Demosan or 
Terrazole were protected from R. solani infection by all concentrations 
of the fungicides used. All inoculated seedlings grown in untreated 
soil became infected and were killed within 15 days after inoculation. 
There were no indications of phytotoxicity in the Demosan treatments; 
however, Terrazole was toxic to the seedlings at the 80, 160, and 320 ppm 
levels. As compared to the untreated, uninoculated controls, phytotoxi­
city was evidenced by reduced shoot growth, discoloration of the shoot, 
and seedling death in some instances. Ten percent of the seedlings 
treated with 320 ppm Terrazole were killed 5 to 10 days following treat­
ment, while 30 percent of these seedlings were killed by the end of the 
20th day of the experiment. Terrazole phytotoxicity at the 80 and 160 
ppm concentrations was not evident until 15 to 20 days after treatment 
when all of the seedlings in these treatments were affected to some 
degree. Approximately 7 percent of the seedlings treated with either 
80 or 160 ppm Terrazole were killed by the end of the 20th day of the 
experiment.
P. debaryanum was inhibited by aqueous filtrates from both control 
plants and from plants treated with Terrazole in bioassays using filtrates 
from cotton seedlings grown in soil in which either Demosan or Terrazole 
were incorporated in concentrations of 20, 40, 80, 160, and 320 ppm.
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Filtrates prepared from Demosan treatments did not inhibit P. debaryanum. 
R. solani was not affected by filtrates from either Demosan- or Terrazole- 
treated seedlings.
Histological Studies
Histological sections prepared from roots of cotton seedlings 
grown in culture solution plus Demosan in concentrations of 0, 40, 80, 
and 120 ppm were studied to determine possible morphological differences 
between treatments. There were no discernible differences in cell 
length, width or numbers in sections made from the different Demosan 
treatments.
DISCUSSION
Most of the test fungicides incorporated into culture media in 
in vitro tests evidenced some degree of fungitoxicity against one or 
more of the test organisms, while only a few of the chemicals assayed 
by the paper disc method showed activity. In some instances, such as 
with Actidione and Terrazole against P. debaryanum, for example, no 
inhibition was observed using the paper disc technique; however, if each 
of the two materials were incorporated into the media, they were found 
to completely inhibit growth at concentrations below 5 ppm. The dis­
parity in results obtained with the two methods was apparently caused 
by a difference in the amounts of the test materials exposed to the 
test organisms. Some of the compounds may have diffused slowly, or not 
at all, into the culture media from the paper discs. It is possible 
that some of the test materials were made ineffective or unavailable 
by reactions with components in the culture media. Several of the 
chemicals - Antimycin A, Benomyl, Chloromycetin, Demosan, Nalidixic 
acid, Pimaricin, Terrazole, Tyrothricin, and Vitavax - were practically 
insoluble in water. There was a possibility that a smaller quantity of 
the chemicals in the suspensions prepared from these chemicals was carried 
on paper discs dipped into the suspension than was removed when a volume 
was transferred by pipet. Calculations in the case of chemicals incor­
porated into media were made to give a concentration In the media of the 
desired level. This was not true with paper disc assays where the stock 
preparations themselves were made at the test concentrations. The two
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bioassay methods, as used in the present study, are not comparable 
because it was not known if the test organisms were exposed to the same 
quantities of the test chemicals in both techniques.
Difficulties similar to those encountered with paper discs in 
interpreting results are often seen in bioassays of tissue taken from 
plants treated with a test systemic compound. Assuming that the test 
fungicide is translocated in some form, a negative bioassay test may 
result from interaction of the fungicide and the culture media. An 
organism highly sensitive to the material tested may be selected to 
test for translocation; however, such a test, unless the test organism 
is the pathogen being considered, may fail to have any useful value in 
disease control. The fact that bioassays must often be supplemented by 
chemical and inoculation tests is illustrated by the results obtained 
with Demosan. In vitro tests showed that R. solani grew only slightly 
in the presence of 5 ppm Demosan. Numerous bioassays with R. solani and 
leaf discs from plants treated with either 40, 80, or 120 ppm Demosan 
failed to show inhibition of the fungus. Demosan was reported systemi- 
cally active against R. solani in inoculation work (7) and was trans­
located in cotton when radioactive Demosan was used (13, 20). Although 
direct evidence is not available that Demosan acts directly against 
solani in vivo, results of itx vitro tests and bioassays (7) are 
interpreted as indirect evidence that the mode of action is direct.
This question might be resolved by research directed toward detecting 
movement of labeled Demosan from treated cotton seedlings into R. solani 
inoculum.
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The spore bioassay of the movement of Benomyl in cotton seedlings 
demonstrated the relative ease of detecting systemic activity with an 
extremely sensitive organism. Benomyl and D. gossypina spores form an 
excellent model for bioassaying fungicide translocation and activity.
The analysis of data from tests in which Benomyl was added to 
culture solution used to maintain cotton seedlings showed there were no 
significant effects due to the interaction of fungicide, days of growth, 
and replication in time. Because of the lack of these interactions the 
culture solution technique could be used over a period of time without 
the effect due to fungicide treatment being affected. Benomyl showed 
only slight phytotoxicity, as indicated by reduced root elongation, at 
concentrations of 50, 100, and 200 ppm. There was no noticeable effect 
on shoots by any of the Benomyl concentrations used. In leaf disc 
bioassays D. gossypina was inhibited by all levels of Benomyl included 
in the study.
Compared to the 0 ppm control, Demosan, Pimaricin, potassium 
sorbate, Terrazole, and Vitavax, reduced primary root elongation. The 
reduction was seen at all concentrations of fungicides. Ranked accord­
ing to increasing phytotoxicity, the listing is as follows: Demosan,
potassium sorbate, Terrazole, Vitavax, and Pimaricin. It should be 
emphasized that the fungicide concentrations used in the present study 
were the same for each of the materials, This experimental design would 
not necessarily reflect the minimum, non-phytotoxic concentrations effec­
tive in control of a pathogenic organism.
An indication that primary root elongation during the 4-day test 
period may not be a reliable criterion for subsequent seedling growth
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was an observation made where treated plants were allowed to remain in 
the culture tubes for an additional 2 days following the conclusion of 
the experimental period. In this instance all seedlings treated with 
Pimaricin and Vitavax, including the 40 ppm treatments, were flaccid 
even though the seedlings treated with 40 ppm Pimaricin and Vitavax had 
initially elongated somewhat more than those treated with 80 and 120 ppm 
of the fungicides. This suggested the involvement of a concentration­
time effect.
The results noted with Demosan in the experiment with a selected 
group of fungicides suggested the possibility that a high level (120 
ppm) of Demosan may have some type of stimulatory effect on root elonga­
tion after about 4 days following treatment. Therefore, a subsequent 
experiment on Demosan was run for 10 days. The results of root 
elongation measurements made during the growth period and determina­
tions of shoot and root lengths and weights made at the end of the 
growth period showed no increased growth due to the high level (120 
ppm) of DemosanB
The mean dry root weights of the treated and untreated plants in 
the above experiment were not markedly different, although there was a 
noticeable difference in the degree of root development. Therefore, it 
seemed likely that root growth occurred in some form even though the 
Demosan-treated seedlings had less primary root elongation. In this 
experiment, as well as in others, the diameters of roots of treated 
seedlings appeared larger than those of untreated seedlings. A possible 
explanation was that Demosan had an effect on cell growth which resulted 
in reduced cell elongation with a corresponding increase in either cell
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division or cell size in a horizontal dimension. A study of histological 
sections of roots from untreated plants and plants treated with Demosan 
did not show any discernible differences in cell size or number; how­
ever, this merits additional study. Considerably higher concentrations 
of Demosan might be used to make any structural differences more out­
standing. If a morphological change in root structure could be asso­
ciated with Demosan, such a change, even though an indirect result, should 
serve as a starting point for consideration of the mode of action of 
Demosan in inhibiting growth of R. solani, for example, as well as its 
action in causing a reduction of root elongation in cotton seedlings.
The test with seedlings grown for 18 days in culture solutions 
plus various concentrations of Demosan, potassium sorbate, or Terrazole 
generally showed similar results to previous tests conducted for a 4-day 
period. Pimaricin and Vitavax were not included in this experiment 
since it was found in earlier tests that the concentrations tested were 
extremely phytotoxic. This experiment indicated that the 4-day test 
period was adequate for a preliminary evaluation of the degree of phyto­
toxicity caused by the fungicides tested.
The effect on seedling response resulting from the relative solu­
bilities of the fungicides in culture solution is not known. Inspection 
of Figure 6 shows that curves plotted for the Benomyl treatments of 50, 
100, and 200 ppm lie close together. The differences were not signifi­
cant (Table 9). A similar si. uation for Demosan treatments is shown in 
Figure 17 and Table 13. Data for primary root elongation of seedlings 
grown for 4 days in culture solution (Table 11) show no significant
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differences between the Demosan treatments, Pimaricin at 80 and 120 ppm, 
and Vitavax at 40 and 80 ppm. There was, however, a difference between 
80 and 120 ppm Vitavax. These data, with the exception of that for 
Vitavax, indicate that in these instances concentration was not a 
limiting factor in the phytotoxic responses.
Potassium sorbate was highly soluble in the culture solution, but 
none of the other compounds were soluble at the lowest concentration 
(40 ppm) of the forms of the compounds which;were employed in the study.
A constant level of dissolved fungicides was maintained in the culture 
solution during the experimental periods because the concentrations of 
most of the fungicides used were much greater than their solubilities.
The dissolved fungicides were in contact with all root surfaces. These 
conditions do not hold for soil-cultured plants where available fungi­
cide would be expected to decrease as a result of soil absorption, 
leaching, plant uptake, or through root growth away from immobile fungi­
cides. Perhaps a better approach to studying the concentration-time 
effect in culture solution would be to use technical grade materials 
in concentrations approximating the solubilities of the compounds.
Two of the group of fungicides tested in culture solution with 
cotton seedlings showed activity in leaf disc bioassays. Leaf discs 
from Benomyl-treated plants inhibited the growth of D. gossypina in 
every attempt and at concentrations as low as 5 ppm. Similar tests with 
leaf discs from Vitavax-treated plants inhibited R. solani at all con­
centrations of Vitavax used.
The results obtained in inoculation tests using R. solani on 
Demosan- and Terrazole-treated seedlings were essentially the same as
those reported earlier (3, 7). Kirk (19) described results in bioassays 
similar to those seen, with ]?. debaryanum. In his work R. solani was 
inhibited by filtrates from both Demosan-treated and untreated plants.
The results obtained with the filtrate bioassay in these tests indicate 
that results from this type of bioassay must be interpreted with caution. 
One possible interpretation is that P. debaryanum and R. solani were 
inhibited by filtrates from control plants because of the presence of a 
naturally occurring antagonistic substance in the cotton seedlings. Fil­
trates for the tests were prepared by grinding the upper portions of 
seedlings severed about one-half inch above the soil level. This plant 
tissue is not that normally encountered by the two pathogens in cotton 
seedlings. P. debaryanum attacks the underground parts of the plant 
while R. solani invades the transition zone which is normally at ground 
level. Work might be done to determine if the inhibitory fraction is 
present in only certain varietal strains of cotton and only in the stem 
and leaves. Such research might prove useful in finding natural resis­
tance to P. debaryanum and R. solani.
The control of R. solani infection on seedlings grown in a medium 
to which Terrazole has been incorporated may be taken as indirect evi­
dence for the systemic activity of Terrazole. The validity of using such 
a technique as was done by Al-Beldawi and Sinclair (3) with a volatile 
compound is questionable. Laboratory work by Al-Beldawi (1) showed that 
Terrazole vapor completely inhibited the growth of R. solani colonies. 
Demosan was found to be volatile in tests done by Kirk (19).
The leaf disc bioassay used in the present work must be taken as 
being an inadequate test for systemic activity of Demosan against R. 
solani. Autoradiographic evidence for the translocation of Demosan 
(13, 20) showed that it was systemic.
SUMMARY
Laboratory tests were conducted to determine the effects of Actidione, 
Antimycin A, Bacitracin, Benomyl, Chloromycetin, D-Cycloserine, 
Demosan, Nalidixic acid, Neomycin sulfate, Pimaricin, potassium 
sorbate, Streptomycin sulfate, Terrazole, Tetracycline, Tyrothricin, 
Vancomycin hydrochloride, and Vitavax on I), gossypina, £. parasitica, 
£• debaryanum, and R. solani. When the test compounds were incor­
porated into the culture media, all of them except Antimycin A, 
D-Cycloserine, and Vancomycin hydrochloride showed some degree of 
inhibitory activity against one or more of the test fungi. The 
sensitivity of the test organisms to individual chemicals ranged 
from inhibition at 100 ppm, the highest concentration used, to a 
reduction in growth at the lowest concentration, 0.25 ppm.
Spores of I), gossypina were used in a bioassay to study the movement 
of Benomyl in 3-week old cotton seedlings. With this technique 
Benomyl was detected in single samples 3.0 hr after Benomyl was 
added to the culture solution. The sap sample was taken at a height 
of 14.5 cm on the stem. Benomyl was detected in all samples taken 
at a height of 20 cm on the stem after 6*0 hr.
A nutrient culture solution technique was developed for phytotoxicity 
and systemic activity studies. Primary root elongation was used as 
a measure of phytotoxicity.
The solution culture method was used to evaluate the phytotoxicity to 
cotton seedlings of Benomyl, Demosan, Pimaricin, potassium sorbate,
•Terrazole, and Vitavax. Benomyl, tested in concentrations of 5, 25, 
50, 100, and 200 ppm, reduced primary root elongation slightly at 
the higher levels but no effects were observed on shoots. Demosan, 
Pimaricin, potassium sorbate, Terrazole, and Vitavax were evaluated 
in a group using concentrations of 40, 80, and 120 ppm. Compared to 
a 0 ppm control, all five of these fungicides significantly reduced 
primary root elongation. In order of increasing phytotoxicity the 
fungicides ranked as follows: Demosan, potassium sorbate, Terrazole,
Vitavax, and Pimaricin. Pimaricin and Vitavax were extremely phyto­
toxic at all concentrations used. Terrazole had a severe effect on 
seedlings at a level of 120 ppm.
Demosan, potassium sorbate, and Terrazole were tested with cotton 
seedlings maintained in culture solution for 18 days to complement 
the usual 4- to 5-day test period. The results of the longer test 
time were similar to the findings at the shorter time.
Results of leaf disc bioassays showed that Benomyl was systemically 
effective against D. gossypina in concentrations as low as 5 ppm. 
Vitavax was effective against R. solani at a concentration of 40 ppm, 
the lowest level used in culture solution work.
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Table 1. Chemicals tested for fungicidal or systemic activity against 
D. gossypina, p. parasitica, P. debaryanum. and R. solani.
Generic or 






















carbamlc acid, methyl ester







2, 4-hexadienoic acid potassium salt
Nutritional Biochemicals Corp.
35% 5-ethoxy-3-trichloromethyl-l,2, 4- 
thiadiazole
Nutritional Biochemicals Corp. 
Nutritional Biochemicals Corp.




Table 2. Inhibition in paper disc bioassays of 17 test materials against 









(Concentrations of materials in ppm)
5 25 100 5 25 100 5 25 100 5 25 100
Ac tidione - + + + + - - «• -
Antimycin
Bacitracin -
Benomyl + + + i ■ i -  -  - - + +
Chloromycetin -
Cycloserine -
Demosan - ■  B - - -
Naladixic acid -
Neomycin -
Pimaricin - “  +  —  —  * +






Vitavax + + +
+ = inhibition 
- = no inhibition
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Table 3. Inhibition of colonies of D. gossypina and R. solani grown on 
PDA medium seeded with mycelial suspensions of the organisms 
by paper discs containing various concentrations of Pimaricin.
Pimaricin
concentration D. gossypina R. solani






Means not connected by a vertical line differ significantly at the 5% 
protection level according to Duncan's New Multiple Range Test. Each 
mean number Is the mean of nine observations.
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Table 4. Effects of various concentrations of 16 test fungicides incor­
porated into PDA medium on the radial growth of colonies of 
I). gossypina, P. parasitica, P. debaryanum, and R. solani.
Test D. P. P. R.
Fungicide Level gossypina parasitica debaryanum solani
(ppm)
-
(Mean radial growth in mm)
Actidione 0 87.0 87.0 87.0 87.0
5 28.3 15.0 0.0 31.8
25 5.2 0.0 0.0 68.3
100 0.0 0.0 0.0 0.0




Benomyl 0 87.0 87.0 87.0 87.0
5 0.0 71.0 87.0 45.0
25 0.0 ' 54.5 77.4 0.0
100 0.0 26.0 58.5 0.0
Chloromycetin 0 87.0 87.0 87.0 87.0
5 87.0 87.0 87.0 87.0
25 87.0 70.0 74.3 87.0
100 78.3 40.0 44.0 77.6









(ppra) (Mean radial growth in mm)
Demosan 0 87.0 87.0 87.0 87.0
5 29.0 58.3 57.3 0.0
25 10.2 43.3 46.7 0.0
100 4.5 0.0 37.3 0.0
Naladixic acid 0 87.0 87.0 87.0 87.0
5 77.6 87.0 71.3 87.0
25 66.5 87.0 53.0 79.0
100 45.2 53.0 23.0 73.8




Pimaricin 0 87.0 87.0 * 87.0
5 11.4 87.0 11.8
25 1.0 87.0 0.6
100 0.4 45.9 0.0
Potassium sorb. 0 87.0 87.0 87.0 87.0
5 87.0 87.0 87.0 87.0
25 78.8 87.0 34,7 81.0













P. P. R. ■
parasitica debaryanum solani






































































(ppm) (Mean radial growth in mm)
Vitavax 0 87.0 87.0 87.0 87.0
5 51.8 87.0 77.8 71.7
25 44.8 87.0 20.0 51.7
100 26.0 75.8 0.0 36.7
Means not connected by a vertical line differ significantly at the 5% 
protection level according to Duncan's New Multiple Range Test. Mean 
numbers are each'the mean of six observations taken from two experimental 
replications.
* = no inhibition of growth at any of the levels.
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Table 5. The effects of various concentrations of Actldione, Demosan, 
Terrazole, and Tetracycline incorporated into PDA medium on 
the radial growth of colonies of P. debaryanum and R. solani.
Actidione-P. debaryanum
Concentration (ppm): 5 4 2 1 0.5 0.25 0.0
Mean growth (mm): 0.0 0.0 2.4 16.3 42.4 58.9 87.0
Demosan-R. solani
Concentration (ppm): 5 4 2 1 0.5 0.25 0.0
Mean growth (mm): 3.0 4.6 26.9 56.9 69.1 77.9 87.0
Terrazole-P. debaryanum
Concentration (ppm): 5 4 2 1 0.5 0.25 0.0
Mean growth (mm): 0.0 0.0 0.0 13.3 54.6 58.1 87.0
Terrazole-R. solani
Concentration (ppm): 5 4 2 1 0.5 0.25 0.0
Mean growth (mm): 14.9 23.6 48.0 64.3 71.9 80.9 87.0
Tetracycline-P. debaryanum
Concentration (ppm): 5 4 2 1 0.5 0.25 0.0
Mean growth (mm): 47.9 55.0 63.6 70.0 78.9 83.1 87.0
Means not connected by an unbroken line differ significantly at the 57. 
protection level according to Duncan's New Multiple Range Test.
Each mean number is the mean of eight observations.
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Table 6. D. gossypina spore bioassay of the movement of Benomyl in




Plant Stem Sampling Results of Microscopic Observations_____
Pair Cut Time   6 hr incubation 24 hr incubation
Sample Sample Controls Sample Sample Controls
1 2 1 2
1 2.0 cm 9:30 A.M. - - + - +
2 4.5 cm 10:00 A.M. - - + - - +
3 7.0 cm 10:30 A.M. - - + - - +
4 9.5 cm 11:00 A.M. - + - - +
5 12.0 cm 11:30 A.M. - - + - - +
6 14.5 cm 12:00 A.M. + - + + - +
7 17.0 cm 12:30 P.M. cb - + (±) - +
8 19.5 cm 1:00 P.M. + - + + *#■ +
9 20.0 cm 2:00 P.M. - - + - - +
10 20.0 cm 3:00 P.M. + + + + + +
11 20.0 cm 4:00 P.M. + + + + + +
+  = Benomyl present as indicated by abnormal development of germinating 
hyphae.
- = Benomyl absent as indicated by normal development of germinating 
hyphae.
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Table 7. Phytotoxicity and systemic activity of test materials in
screening tests with cotton seedlings and in bioassays against 
R. solani.
Test Material
Concentrations of Test Materials'













Actidione - - o - - o
Antimycin - - «* - - -
Bacitracin - Ct> - - . - -
Benomyl - - - - - «•
Chloromycetin - - - - - -
Cycloserine - - - + - -
Demosan - - - - - -
Naladixic acid - - - - -
Neomycin - + o - + -
Pimaricin - + - - + -
Potassium sorbate - - - + -
Streptomycin + o - - o
Terrazole - - •4 - - -
Tetracycline + - O + - o
Tyrothricin - + - - - -
Vancomycin - - - - - -
Vitavax - - o - - -
+ = injury to seedling; inhibition of test organism.
- = no injury to seedling; no inhibition of test organism, 
o = no data.
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Table 8. Analysis of variance for daily root elongation of cotton 







Squares Mean Square F Value
Time (T) 2 3449.00 1724.50 4.74*
Error (a) 6 2282.73 363.95
Fungicide level (L) 5 1730.55 346.11 2.84*
T x L 10 267.61 26.76 0.22 n.s.
Error (b) 30 3653.33 121.78
Day (D) 4 17804.73 4451.18 182.13**
T x D 8 2683.47 335.43 13.73**
L x D 20 550.65 27.53 1.13 n.s.
T x L x D 40 1153.01 28.83 1.18 n.s.
Error (c) 144 3518.93 24.44
.Total 269 36995.04
* = P .05
** = P .01
n.s. = not significant
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Table 9. Comparison of mean daily root elongation at various Benomyl
concentrations and days for cotton seedlings grown for 5 days 










Day: 5 1 4 3 2
2/Mean (mm) 25.48 36.70 38.81 45.37 49.06
Means not connected by an unbroken line differ significantly at the 5% 
protection level according to Duncan's New Multiple Range Test.
1/Each mean number for concentration is the mean of 45 observations. 
2/Each mean number for day is the mean of 54 observations.
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Table 10. Comparisons of the effects of fungicide, fungicide concentra­
tion, and time on mean daily root elongation of cotton 
seedlings grown for 4 days in culture solution containing 




Fungicide: Pimaricin Terrazole Pot. sorb. Demosan Vitavax
Mean (mu): 16.67 21.29_______ 23.35________ 24.72 24.76
2/
Fungicide concentration—
Concentration (ppm): 120 80 40 0
Mean (mm): 8.52_______ 12.58 17.14 50.39
3/Time after treatment—
Time (days): 1 2  3 4
Mean (mm): 19.41 22.01________ 23.43______23.79
Means not connected by an unbroken line differ significantly at the 5% 
protection level according to Duncan's New Multiple Range Test.
JL/Each mean number is the mean of 144 observations of all concentrations 
of each fungicide for the 4-day test period.
^/Each mean number is the mean of 180 observations of all fungicides for 
the 4-day test period.
3/Each mean number is the mean of 180 observations of all fungicides and 
concentrations.
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Table 11. Comparisons of mean daily root elongation of cotton seedlings 
grown for 4 days in culture solution containing various con­

















































Means not connected by an unbroken line differ significantly at the 57» 
protection level according to Duncan's New Multiple Range Test.
Each mean number is the mean of 36 observations.
Mean numbers are means for the 4-day test period for each fungicide and 
concentration»
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Table 12. Comparisons of mean daily root elongation at various days for 
-cotton seedlings grown for 4 days in culture solution contain­
ing Demosan, Pimaricin, potassium sorbate, Terrazole, and 
Vitavax.
Demosan
Day: 1 3 4 2
Kean (mm): 22.94 23.89 24.58 27.44
Pimaricin
Day: 2 4 1 3
Mean (mm): 15.89 16.41 16.58 17.81
Potassium sorbate
Day: 1 2 3 4
Mean (mm): 19.06 22.69 25.17 26.47
Terrazole
Day: 1 4 3 2
Mean (mm): 18.83 20.58 22.03 23.69
Vitavax
Day 1 4 3 2
Mean (mm): 19.61 21.97 28.25 29.22
Keans not connected by an unbroken line differ significantly at the 5% 
protection level according to Duncan's New Multiple Range Test.
Each mean number is the mean of 36 observations.
Mean numbers are means of all concentrations for each fungicide and day.
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Table 13. Comparison of mean total daily root elongation and mean total 
daily root length for cotton seedlings grown for 10 days in 
culture solution containing various concentrations of Demosan.
Level
Mean Total Daily 
Root Elongation!/ Level
Mean Total Daily 
Root Length^/
(ppm) (cm) (ppm) (cm)
0 3.74 0 33.28
80 1.63 40 21.41
40 1.54 80 20.20
120 1.51 120 19.94
Means not connected by a vertical line differ significantly at the 5% 
protection level according to Duncan's New Multiple Range Test.
Each mean number is the mean of 90 observations.
1/Mean numbers are the means of measurements of root elongation for the 
experimental period.
2/Mean numbers are the means of daily root length for the experimental 
period.
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Table 14. Correlation coefficients for mean root elongation, root
length, shoot height, shoot dry weight, and root dry weight 
of cotton seedlings grown for 10 days in culture solution 












Root elongation 0.995 0.731 0.711 0.364
Root length 0.732 0.698 0.363
Shoot height 0.762 0.617
Shoot weight 0.797
A correlation coefficient value of 0.5614 or higher is significant at the 
17. probability level for all variables.
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Table 15. Comparison of mean root length, shoot height, root dry weight, 
and shoot dry weight of cotton seedlings grown for 10 days in 
culture solution containing various concentrations of Demosan.
Root length
Concentration (ppm): 120 40 80 0
Mean (cm): 28.18 28.59 29.23 50.45
Shoot height
Concentration (ppm): 80 120 40 0
Mean (cm): 8.92 9.03 9.26 10.29
Root dry weight
Concentration (ppm): 80 40 120 0
Mean (mg): 75.11 76.22 78.67 88.11
Shoot dry weight
Concentration (ppm): .120 80 40 0
Mean (mg): 193.22 196.33 201.44 267.33
Means not connected by an unbroken line differ significantly at the 57, 
protection level according to Duncan's New Multiple Range Test.
Each mean number is the mean of nine observations.
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Table 16. Dry weights of shoots and roots of cotton seedlings grown 18 
days in culture solution containing various concentrations 








40 ppm 521 134
80 ppm 463 146
120 ppm 340 75
Potassium sorbate
40 ppm 359 91
80 ppm 145 30
120 ppm 197 45
Terrazole
40 ppm 274 80
80 ppm 150 36
120 ppm 1/ 1/
Control 752 177
^/Seedlings treated with 120 ppm Terrazole died 12 days after start of 
experiment.
Each mean number is the mean of three observations.
Figure 1. Cotton, seedlings secured in culture container cover by 
opposing strips of polyvinyl.
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Figure 2. The interior of a culture box used for growing cotton 
seedlings in culture solution.
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n i w ftn rf
Figure 3. A close-up view of the top of a culture box used for growing 
cotton seedlings in culture solution showing cultuis tube 
covers and aeration tubes.
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Figure 4. D. gossypina spores germinated in sap from cotton seedling 
grown in culture solution containing BenomyL Photograph 
taken 6 hr following addition of sap to a spore suspension. 
(100X).
Figure 5. D. gossypina spores germinated in sap from cotton seedling 
grown in culture solution only. Photograph taken 6 hr 
following addition of sap to a spore suspension. (100X).
Figure 6. Mean root elongation of cotton seedlings grown for 5 days 
in culture solution containing Benomyl in concentrations 
of 0, 5, 25, 50, 100, and 200 ppm. Data were means of 
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1Figure 7. Primary root elongation of cotton seedlings grown for 5 days 
in culture solution showing the root of a control plant 
(right) and the root of a plant grown in culture solution 
containing 200 ppm Benomyl (left).
Figure 8. Mean root elongation of cotton seedlings grown for 4 days in 
culture solution containing 40 ppm Demosan, Pirnaricin, 
potassium sorbate, Terrazole, and Vitavax. Data were means 









































Figure 9. Mean root elongation of cotton seedlings grown for 4 days 
in culture solution containing 80 ppm Demosan, Bimaricin, 
potassium sorbate, Terrazole, and Vitavax. Data were means 
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Figure 10. Mean root elongation of cotton seedlings grown for 4 days 
in culture solution containing 120 ppm Demosan, Piraaricin, 
potassium sorbate, Terrazole, and Vitavax. Data were 
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Figure 11. Daily root elongation of cotton seedlings grown for 4 days 
in culture solution containing 40 ppm Demosan, Pimaricin, 
potassium sorbate, Terrazole, and Vitavax. Data were means 
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Figure 12. Daily mean root elongation of cotton seedlings grown for 
4 days in culture solution containing 80 ppm Demosan, 
Pimaricin, potassium sorbate, Terrazole, and Vitavax.
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Figure 13. Daily mean root elongation of cotton seedlings grown for 4 
days in culture solution containing 120 ppm Demosan, 
Fimaricin, potassium sorbate, Terrazole, and Vitavax. Data 


































Figure 14. Root elongation of cotton, seedlings grown, for 4 days in 
culture solution containing 40 ppm concentrations of 
fungicides. Shown left to right are treatments of Vitavax, 
Pimaricin, Terrazole, Demosan, potassium sorbate, and a 
control.
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Figure 15. Root elongation of cotton seedlings grown for 4 days in 
culture solution containing 80 ppm concentrations of 
fungicides. Shown left to right are treatments of Vitavax, 
Fitnaricin, Terrazole, Demosan, potassium sorbate, and a 
control.
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Figure 16. Root elongation of cotton seedlings grown for 4 days in 
culture solution containing 120 ppm concentrations of 
fungicides. Shown left to right are treatments of Vitavax, 
Pimaricin, Terrazole, Demosan, potassium sorbate, and a 
control.
Figure 17. Mean root elongation of cotton seedlings grown for 10 days 
in culture solution containing 0, 40, 80, and 120 ppm 
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Figure 18. Mean root length, shoot height, root dry weight, and
shoot dry weight of cotton seedlings grown for 10 days 
in culture solution containing 0, 40, 80, and 120 ppm 
concentrations of Demosan. All data were taken at the 
conclusion of the growth period. Means were for nine 
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Figure 19. Dry weights of shoots and roots of cotton seedlings grown 
for 18 days in culture solution containing various con­
centrations of Demosan, potassium sorbate, and Terrazole. 
Data were means of three observations for each treatment.
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Figure 20. Shoot growth of cotton seedlings grown for 18 days in 
culture solution containing various concentrations of 
fungicides. Treatments shown are (left to right) 80 
ppm Terrazole, 40 ppm Terrazole, 120 ppm potassium 
sorbate, 80 ppm potassium sorbate, 40 ppm potassium 
sorbate, 120 ppm Demosan, 80 ppm Demosan, 40 ppm Demosan, 
and a control.
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